AD=A099 038

UNCLASSIFIED

SOUTHWEST RESEARCH INST SAN ANTONIO TX ARMY FUELS AN==ETC F/6 21/4
DETERMINATION OF ALCOHOLS IN ENGINE LUBRICANTS.(U)

JAN 81 F M NEWMAN: K B JONES DAAK70=79=C=0175
AFLRL-135 NL




DETERMIN/. !ON OF ALCOHOLS
IN ENGINE LUBRICANTS /ﬂ

INTERIM REPORT v,
AFLRL No. 13§

By

Frank M. Newman

v o)

o

-

-

N Kenneth B. Jones

o U.S. Army Fuels and Lubricants Research Laboratory
<!
o
<

Southwest Research Institute C
San Antonio, T
an Antonio, Texas DT(L 2
f . Under Contract to @ MAY 18 1381 ;
1 U.S. Army Mobility Equipment Resear&
| and Development Command E

Fort Belvoir, Virginia
Contract No. DAAK70-79-C-0175
and
U.S. Department of Energy
Automotive Technology Development Division
Alternate Fuels Utilization Branch
Washington, D.C. ¥
Interagency Agreement No. E(49-28)-1021

Approved for public release; distribution unlimited
© 4

January 1981

o
,'\
L

Q1 =~ 0 A




Disclaimers

The indings in this report are nat to be construed as an ofticial Department of the Army
postiion unless so Jdesignated by other authorized documents.

Trade names cited n this report do not constitute an official endorsement or approval of
the use of such commercial hardware or software.

DDC Availability Notice

Qualfied requestors may obtain copies of this report from Defense Documentation
Center, Cameron Station, Alexandna, Virginia 22314,

Oispaosition Instructions

Destroy this report when no longer needed. Do not return it to the origmatos.

e

2




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCITIONS

/

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
' REPORT NUMBER 2. GOVT ACCESSION NO| 3. RECIPIENT'S CATALOG NUMBER
AFLRL No. 135 D- A099 P37
4. TITLE fand Subtitle) ¥ 5, TYPE OF REPORT & PERIOD COVERED

-"ql,;lnterim /J)t‘

6. PERFORMING ORG. REPORT NUMBER

o

ETERMINATION OF ALCOHOLS IN ENGINE LUBR.CANTSe

- -

WA

7. AUTHORY(s) 1 8. CONTRACT OR GRAANT NUMBER/,)
/"))  DAAK70-79-C-0175 &

D Frank M.,Newman
DOE Interagen t
Kenneth B.,Jones /} No E(ég_zg)_sz"Tgreemen

9 PEAFORMING ORGANIZATION NAME AND ADDRESSES 10. PROGRAM ELEMENT, PROJECT, TASK
U.S. Army Fuels & Lubricants Research Laboratory  AREA & WORK UNIT NUMBERS
Southwest Research Institute
San Antonio, TX 78284

17" CONTROLLING OFFICE NAME AND ADDRESS 12. REPQORT DATE
U.S. Army Mobility Equipment Research & Develop- " January 1981
ment Command, Energy & Water Resources Lab. 13. NUMBER OF PAGES " |
Fort Belvoir, VA 22060 16 /)
14. MONITORING AGENCY NAME & ADDRESS 15. SECURITY CLASS. (of this reporrr—
sy dufferent from Conteolime Of e
Unclassified

/‘+ : I3 s A" 15a DECLASSIFICATION/DOWNGRADING
. c, = . SCHEDULE

16 DISTRIBUTION STATEMENT sof tius Reporg:

Approved for public release; distribution unlimited.

17 TRIBUTION W TATEMENT cof the abstrac t entered o Block 20 4t different from Report

| el

18 -SL'FF:l-Q ‘\H\VA\;l‘v T
The results of this work were presented at a meeting of the Gulf Coast
Instrumental Analysis group in Houston, Texas on 30 April 1981. This
work was conducted under Interagency Agreement No. E(49-28)-1021 between

| DOYU.S. Army MERADCOM and DOE/Alternative Fuels Utilization Branch.
PR b Y W RO tane o erse side 1! owecessaty and adenatity by blow ko number

Methanol Alcohols

Fuel Analysis Wear Mechanisms

"Analytical Method

N : :
SO CARCTRACT o ontitue o revese sede af mecesvaoy and adennty by bogk mumber s
The recent interest in alcoho)l and alcohol-containing fuels in spark ignition
engines requires new information and analytical methods concerning the pre-
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ate method to determine and measure the alcohols. The o0il and alcohols are
separated using an adsorber or stripper column, and then the alcohols are re-
golved on the second column in series and determined with a flare ionization
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Quantitative standards were prepared to include the normally expected range
of alcohol content of 0-10 percent. The use of a second alcohol as an in-
ternal standard helps offset the reproducibility error involved in the
syringe technique. The standard is completed by adding approximately 50 volZ
of CS,. It is suggested that the alcohol chosen as the internal standard be
at ledst 2 carbon numbers higher or lower than the.analyte to help enhance
the peak resolution and integration.
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The samples are prepared in much the same manner as the calibration standards,
with 1 to 5 percent of the alcohol chosen to be the internal standard added.
Because of the small amounts of samples frequently encountered, it is not
always reasonable to maintain the ideal 1:1 internal standard/analyte ratio.
With small samples, the 1:1 ratio produces problems, such as the dispensing
of micro quantities of isopropanol and the tedious mixing for homogeneous
samples. kTo minimize these complications, a ratio as high as 5:1 of internal
standard to analyte has been used satisfactorily to increase precision. A
O.S-micro‘iter sample injection prolongs the stripper column's life.

Employing this method, AFLRL has been able to satisfactorily provide analy-
tical support for several engine/oil tests. The methanol content of these
samples has ranged from 10 percent to less than our detection limit of 0.03
percent. Although most of the work has been the determination of methanol in
lubricants, it is believed that the method is applicable to other alcohols,
up to C6.
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FOREWORD

The work reported herein was conducted at the U.S. Army Fuels and Lubricants
Research Laboratory (USAFLRL) located at Southwest Research Institute, San
Antonio, Texas, under Contract DAAK70-79-C-0175 for the U.S. Army Mobility
Equipment Research and Development Command (USAMERADCOM), Fort Belvoir, Vir-
ginia, and under Department of Energy and Department of Defense Interagency
Agreement E(49-28)-1021, originated by the Department of Energy. The USA~
MERADCOM contracting officer's representative was Dr. J.V. Mengenhauser,
Energy and Water Resources Laboratory, DRDME-GL, while the DOE technical

project manager was Mr. E.E. Ecklund, Alternative Fuels Utilization Branch.
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I. INTRODUCTION

In fuels and lubricants research, the analysis of lubricants for additives,
wear metals, fuel contamination, and degradation is routinely performed using
well established procedures. With new applications or test conditions, new
information and analytical methods are required. One such application is the
recent interest in alcohol and alcohol-containing fuels in spark ignition
engines where the presence of alcohols in used lubricants requires different

measurement techniques.

The U.S. Army Fuels and Lubricants Research Laboratory (AFLRL) is evaluating
several engine lubricating oils in selected spark ignition engines with a
variety of alcohol and alcohol-blended fuels to determine the important para-

meters affecting engine and lubricant performance.

It is interesting to note that methanol-fueled engines in cold cycle operation

(1)*

have shown excessive wear, Because of this excessive wear phenomenon, an
extensive research program was initiated to learn more about the factors

affecting the wear mechanism,

One set of data needed in this research program is the qualitative and quan-
titative analyses of alcohols in the lubricating oil. AFLRL has developed a
straightforward, rapid, and accurate analytical method to determine and

measure the alcohols.

IT. APPROACH

Various methods of determining the qualitative and quantitative analyses of
alcohols were considered. It became evident that the alcohol had to be separ-
ated from the lubricant. A water extraction of the alcohol, as in the analy-
sis of gasohol, would only complicate the typically existing alcohol/oil

emulsion. Another possible approach is to directly inject the sample into a

*Superscript numbers in parentheses refer to the list of references at the

end of this report.
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gas chromatograph (GC) boiling point separation colvmn, with the use of a flow

reversing or back-flush valve.

The AFLRL approach is to analyze the alcohol/oil mixture by direct injection
into the gas chromatograph. The o0il and alcohol were separated using an
adsorber or stripper column, then the alcohol content was resolved and deter-
mined on a second column in series with the first, using a hydrogen flame
ionization detector. An internal standard and viscosity-reducing solvent is

used to minimize sample injection problems.

ITI. EXPERIMENTAL

A, Instrumentation

The gas chromatographic columns were prepared and installed in series in the

gas chromatograph oven (Figure 1), The stripper/adsorber column packed with

INLET COLUMN 1 COLUMN 2 DETECTOR
[Fo—w—o—vm—o—8)

FIGURE 1, G.C. COLUMN CONFIGURATION

(2) (3)

precedes the analytical column packed with Chromosorb 101 .

(4)

Tenax-GC
The column connections are made with 1/8-inch stainless steel Swagelok
tubing fittings, The flame ionization detector was optimized at a helium flow
rate of 60 ml/min. Since the column flow rates were set at 25 ml/min helium,
an additional make-up flow of 35 ml/min helium was introduced just prior to
the detector. The operating parameters are summarized in Table 1, the col-
umng were initially conditioned by first displacing all oxygen from them, and

then temperature programming the oven at 10°C/min to 250°C. The final temper-

ature was held at 250°C for 30 minutes. The oven was then cooled and the con-

And
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TABLE 1. OPERATING PARAMETERS

Gas Chromatograph
Injector Temperature: on-column
Sample Injection: 5 microliter syringe
Sample Size: 0.5 microliter - on column
Column Flow: 25 ml/min Helium

Detector

Flame Ionization Detector Temperature: 250°C
Hydrogen: 35 ml/min
Air: 360 ml/min
Helium (makeup): 35 ml/min

Oven Temperature
125°C Isothermal

Data Processing

H.P. 3354 Lab Data System
® Internal Standard Calculation Method

Column

(1) 13 in, x 1/8 in. Tenax-G.C. (60/80 Mesh)
(2) 6 ft x 1/8 in. Chromosorb 101 (80/100 Mesh)

nection of the analytical column to the hydrogen flame ionization detector was
made. While heating the column oven to the isothermal 125°C analysis temper-
ature, the proper electrometer, recorder, and computer parameters were esta-
blished., The system is now ready for the analysis of standards and samples.
The Tenax-GC-adsorber column should be able to retain the hydrocarbons long
cnough to elute the alcoholic analyte (Figure 2). At the same time, resol-

ution of the alcohols must he determined (Figure 3).

The columns must not be heated above 125°C while attached in series once an
oil sample has been injected, The reason for this precaution is that the
lizht ends of the oil will be carried onto the analytical column, causing an
undetermined amount of delay in the analysis of future samples., The useful-
ness of the Tenax-GC stripper/adsorber column lasts for at least 35 0.5-

microliter injections. After these injections, an alternate stripper column

wias installed and the exhausted column was emptied, cleaned, and refilled with

p—
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" (D METHANOL
@ ETHANOL
(® 1SOPROPANOL

DETECTOR RESPONSE—

IV

L ] ] I
0 1 2 3
RETENTION TIME, MIN.

FIGURE 3, CHROMATOGRAM SHOWING RETENTION TIMES OF ALCOHOLS

new Tenax-GC adsorbent, This performance 1is enhanced by turning off the

carrier flow during nonuse periods.

K. Calibration

uantitative standards were prepared to include the normally expected ranpe of
alcohol content of 0 to 10 percent (Figures 4 and 5). The new oil (which is
to he tested) was used as the matrix for the calibration standards. To ali-

quots of this oil, appropriate amounts of two different alcohols were added.
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FIGURE 4. TYPICAL CHROMATOGRAM OF CALIBRATION STANDARD
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FIGURE 5. CHROMATOGRAM OF 700 PPM METHANOL STANDARD




One of the alcohols serves as the internal standard and the other as the
analyte. The use of the internal standard helps to minimize the reproduci-

bility error involved in the syringe technique.

The standard is completed by adding approximately 50 vol% of carbon disulfide.
It is recommended that the alcohol chosen as the internal standard be at least
two carbon numbers higher or lower than the analyte to help enhance the peak
resolution and integration. For this work, isopropanol was chosen because it
is not used as an engine fuel and is less volatile. From these standards, a
relative detector response 1is calculated for quantitation of the unknown

samples, Table 2 shows the calculation method.

TABLE 2. CALCULATION METHOD

Data Calculations

Response factor:

% Internal Standard _ %Z Analyte Standard
Internal Standard Area Analyte Standard Area (theoretical)

(Int Std Area) x (% Analyte Std)
(% Int Std)

Theoretical Analyte Std Area (x)

Theoretical Analyte Std Area
Actual Analyte Std Area

Analyte Std Response Factor

S le: % Int Std - Analyte %
amplé: Int Std Area (Analyte Area) x (R.F.)

(% Int Std) x (Analyte Area) x (R.F.)
Int Std Area

Analyte % =

c. Sample Preparation

The samples are prepared in much the same manner as the calibration standards
except that the analyte is already present in the used oil, and 1 to 5 percent
of the alcohol chosen to be the internal standard must be added. Before
mixing, approximately 50 vol% carbon disulfide is added. The sample is mixed
or shaken thoroughly, and then injected. This iInjection should be performed
with a minimum delay after mixing to prevent phase separation which can occur

with 2 percent or greater concentration of alcohol.
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IV. APPLICATION

This method has been applied to a variety of mineral oil samples taken from
several engine tests. Because of the small amounts of sample frequently
encountered, 1t was not possible to maintain the ideal 1:1 internal stan-
dard/analyte ratio. For example, when monitoring the alcohol content of the
engine oil sump during a 100-hour test, the analyte received only 1 to 3 grams
of used oil samples, The 1:1 ratio could require dispensing micro quantities
of 1isopropanocl and laborious mixing to produce a reliable homogeneous sample,
In view of these complications, a ratio as high as 5:1 of internal standard to

analyte has been satisfactorily used to help increase precision.

In some instances, a 0.5-microliter sample was injected in order to reduce the
quantity of oil placed onto the stripper column, thus increasing the column's
life.

V. DISCUSSION

The calibration standards prepared in the o0il matrix remain stable over a
period of several weeks. The relative detector response factors have shown a
2.7 percent mean deviation over a 19-nonconsecutive day interval as shown in
Figure 6., The points which showed extreme deviation from the mean were those
in which the 5:1 internal standard/analyte ratio criterion was violated (Table
3). Employing this method, satisfactory analytical support has been provided
to several engine/oil tests, To date, these tests have generated approxi-
mately 100 samples. The methanol contents of these samples have ranged from
10 percent to less than the detection 1limit of 0.03 percent (Figures 7 through
9). Although the bulk of work has been the determination of methanol in
lubricants, the method 1is believed to be applicable to other alcohols up to

C6' Figure 10 shows the analysis of C1 to CA alcohols and ethylene glycol.

12
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TABLE 3. TINTERNAL STANDARD/ANALYTE RATIO
Methanol Response
' Standard Internal Std./Analyte Factor
: 10%
9.1687% MeOH 0.984/9.168 1/10 3.386

0.984% IPA

57

4.889% MeOH 1.082/4.889  1/5 1.727
1.082% IPA
1.0%
3 1.019% MeOH 1.050/1.019  1/1 1.814
' 1.050% IPA
. 0.1%
; 0.143% MeOH 1.043/0.143  10/1 2.233
1.043% IPA
0.112% MeOH 1.155/0.112  10/1 2.954
1.155% IPA
6%
€.038% MeOH 5.446/6.038  1/1 1.855

) 5.4467% IPA
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VI. CONCLUSIONS

This rapid and straightforward method, the analysis of alcohols in engine

lubricants, has met the needs of AFLRL by supplying valuable data that have

furthered the knowledge in alcohol fuel technology.

Thus,

it provides one more criterion for evaluating alcohols as a modern day

alternate energy source,

1.

2.

3.
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CDR DEPARTMENT OF THE ARMY
US ARMY DEPOT SYSTEMS CMD CONSTRUCTION ENG RSCH LAB
ATTN DRSDS 1 ATTN CERL-EM 1
CHAMBERSBURG PA 17201 CERL-ZT 1
CERL-EH 1
CDR P 0 BOX 4005
US ARMY WATERVLIET ARSENAL CHAMPAIGN IL 61820
ATTN SARWY-RDD 1
1 WATERVLIET NY 12189 HQ
. US ARMY TRAINING & DOCTRINE CMD
CDR ATTN ATCD-SL (MR RAFFERTY) 1
US ARMY LEA ATCD-TA 1
ATTN DALO-LEP 1 ATCD-D 1
NEW CUMBERLAND ARMY DEPOT FORT MONROE VA 23651
NEW CUMBERLAND PA 17070
DIRECTOR
. CDR US ARMY RSCH & TECH LAB (AVRADCOM)
' US ARMY GENERAL MATERIAL & PROPULSION LABORATORY
PETROLEUM ACTIVITY ATTN DAVDL-PL-D (MR ACURIO) 1
ATTN STSGP-PW (MR PRICE) 1 21000 BROOKPARK ROAD
SHARPE ARMY DEPOT CLEVELAND OH 44135
LATHROP CA 95330
CDR
CDR US ARMY NATICK RES & DEV CMD
US ARMY FOREIGN SCIENCE & TECH ATTN DRDNA-YEP (DR KAPLAN) 1
CENTER NATICK MA 01760
ATTN DRXST-MT1 1
FEDERAL BLDG CDR
CHARLOTTESVILLE VA 22901 US ARMY TRANSPORTATION SCHOOL
. ATTN ATSP-CD-MS 1
CDR FORT EUSTIS VA 23604
DARCOM MATERIAL READINESS
SUPPORT ACTIVITY (MRSA) CDR
ATTN DRXMD-MD 1 US ARMY QUARTERMASTER SCHOOL
LEXINGTON KY 40511 ATTN ATSM-CTD-MS 1
ATSM-TNG-PT (COL VOLPE) 1
HQ. US ARMY T&E COMMAND FORT LEE VA 23801
ATTN DRSTE-TO-0 1
ABERDEEN PROVING GROUND, MD 21005 HQ, US ARMY ARMOR SCHOOL
ATTN ATSB-TD 1
! FORT KNOX KY 40121
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CDR

US ARMY LOGISTICS CIR

ATTN ATCL-MS (MR A MARSHALL)
FORT LEE VA 23801

CDR

US ARMY FIELD ARTILLERY SCHOOL
ATTN ATSF-CD

FORT SILL OK 73503

CDR

US ARMY ORDNANCE CTR & SCHOOL
ATTN ATSL-CTD-MS

ABERDEEN PROVING GROUND MD 21005

CDR

US ARMY ENGINEER SCHOOL
ATTN ATSE-CDM

FORT BELVOIR VA 22060

CDR

US ARMY INFANTRY SCHOOL
ATTN ATSH-CD-MS-M

FORT BENNING GA 31905

CDR

US ARMY AVIATION CTR & FT RUCKER
ATTIN ATZQ-D

FORT RUCKER AL 36362

DEPARTMENT OF THE NAVY

CDR
NAVAL AIR PROPULSION CENTER
ATTN PE-71
PE-72 (MR D'ORAZIO)
P O BOX 7176
TRENTON NJ 06828

CDR

NAVAL SEA SYSTEMS CMD
CODE 6101F (MR R LAYNE)
WASHINGTON DC 20362

CDR

DAVID TAYLOR NAVAL SHIP R&D CTR
CODE 2830 (MR G BOSMAJIAN)

CODE 2831

ANNAPOLIS MD 21402

JOINT OIL ANALYSIS PROGRAM -
TECHNICAL SUPPORT CTR

BLDG 780

NAVAL AIR STATION

PENSACOLA FL 32508

-

DEPARTMENT OF THE NAVY
HQ, US MARINE CORPS
ATTN LPP (MAJ SANBERG)
IMM (MAJ GRIGGS)
WASHINGTON DC 20380

CDR

NAVAL AIR SYSTEMS CMD

ATIN CODE 52032E (MR WEINBURG)
CODE 53645

WASHINGTON DC 20361

CDR

NAVAL AIR DEVELOPMENT CTR

ATTN CODE 60612 (MR L STALLINGS)
WARMINSTER PA 18974

CDR
NAVAL RESEARCH LABORATORY
ATTN CODE 6170 (MR H RAVNER)
CODE 6180
CODE 6110 (DR HARVEY)
WASHINGTON DC 20375

CDR

NAVAL FACILITIES ENGR CTR

ATTN CODE 1202B (MR R BURRIS)
CODE 120B (MR BUSCHELMAN)

200 STOVWALL ST

ALEXANDRIA VA 22322

CHIEF OF NAVAL RESEARCH
ATTN CODE 473 (DR R MILLER)
ARLINGTON VA 22217

CDR

NAVAL AIR ENGR CENTER
ATTN CODE 92727
LAKEHURST NJ 08733

CDR

NAVY FACILITIES ENGRG CMD

CIVIL ENGR SUPPORT OFC

CODE 15312A (ATTN EOC COOK)
NAVAL CONSTRUCTION BATTALION CTR
PORT HUENEME CA 93043

CDR, NAVAL MATERIAL COMMAND
ATTN MAT-08E (DR A ROBERTS)
CP6, RM 606 MAT-08E (MR ZIEM)
WASHINGTON DC 20360
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CDR

NAVY PETROLEUM OFC
ATTN CODE 40
CAMERON STATION
ALEXANDRIA VA 22314

]
f CDR

MARINE CORPS LOGISTICS SUPPORT

| BASE ATLANTIC
! ATTN CODE P841
: ALBANY GA 31704

HQ, USAF
ATTN RDPT
WASHINGTON DC 20330

ANDREWS AFB MD 20334
CDR

LAB

CDR

CTR

CDR
LAB

AFWAL/MLBT

CDR
CTR

ROBINS AFB GA 31098

DEPARTMENT OF THE AIR FORCE

HQ AIR FORCE SYSTEMS CMD
ATTN AFSC/DLF (LTC RADLOF)

US AIR FORCE WRIGHT AERONAUTICAL
ATTN AFWAL/POSF (MR CHURCHILL)
AFWAL/POSL (MR JONES)
WRIGHT-PATTERSON AFB OH 45433
USAF SAN ANTONIO AIR LOGISTICS
ATTN SAALC/SFQ (MR MAKRIS)
SAALC/MMPRR (MR ELLIOT)
KELLY AIR FORCE BASE, TX 78241
'S AIR FORCE WRIGHT AERONAUTICAL

ATTN AFWAL/MLSE (MR MORRIS)

WRIGHT-PATTERSON AFB OH 45433

USAF WARNER ROBINS AIR LOCISTIC

ATTN WR-ALC/MMIRAB~-1 (MR GRAHAM)

Pt p—a

—

—

OTHER GOVERNMENT AGENCIES

US DEPARTMENT OF TRANSPORTATION

ATTN AIRCRAFT DESIGN CRITERIA
BRANCH 2

FEDERAL AVIATION ADMIN

2100 2ND ST SW

WASHINGTON DC 20590

US DEPARTMENT OF ENERGY

DIV OF TRANS ENERGY CONSERV 2

ALTERNATIVE FUELS UTILIZATION
BRANCH

20 MASSACHUSETTS AVENUE

WASHINGTON DC 20545

DIRECTOR

NATL MAINTENANCE TECH SUPPORT
CTR

US POSTAL SERVICE

NORMAN OK 73069

(3]

US DEPARTMENT OF ENERGY
BARTLESVILLE ENERGY RSCH CTR

DIV OF PROCESSING & THERMO RES 1
DIV OF UTILIZATION RES 1
BOX 1398

BARTLESVILLE OK 74003

SCI & TECH INFO FACILITY

ATTN NASA REP (SAK/DL) 1
P O BOX 8757

BALTIMORE/WASH INT AIRPORT MD 21240

U.S. DEPARTMENT OF ENERGY

ALTERNATIVE FUELS UTILTIZATION BRANCH

ATTN: MR. E.E. ECKLUND 1
MR. R.D. FLEMING 1

MAIL CODE 5SH-044

FORRESTAL BUILDING

WASHINGTON, DC 20535

NASA-LEWIS RESEARCH CENTER
ATTN: MR. R.P. MIGRA

MR. G.M. PROK
MAIL STOP 500/122
21000 BROOKPARK ROAD
CLEVELAND OH 44135

U.S. DEPARTMENT QF ENERGY

BARTLESVILLE ENERGY TECHNOLOGY CENTER
ATTN: MR. J.E. ALLSUP 1
P.0. BOX 1398

BARTLESVILLE, OK 74003

Pt
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OTHER AGENCIES

MUELLER ASSOCIATES, INC.
ATTN: MR. T.J. TIMBARIO
1900 SULPHUR SPRING ROAD
BALTIMORE, MD 21227

COORDINATING RESEARCH COUNCIL
ATIN: MR. A.E. ZENGAL

219 PERIMETER CENTER PARKWAY
ATLANTA, GA 30346

AEROSPACE CORPORATION
ATTN: MR. R.D. RAYMOND
SULTE 4000

L'ENFANT PLAZA, SW
WASHINGTON, DC 20024

UNIVERSITY OF MISSOURI-ROLLA
ATTN: R.T. JOHNSON
MECHANICAL ENGINEERING DEPT.
ROLLA, MO 65401

SUNTECH GROUP

ATTN: A.F.TALBOT

P.0. BOX 1139

MARCUS HOOK, PA 19061

TEXAS A & M UNIVERSITY

ATTN: T.R. LALK

MECHANICAL ENGINEERING DEPT.
COLLFEGE STATION, TX 77843

SOUTHWEST RESEARCH INSTITUTE

ATTN: MR, JOHN RUSSELL 1
MR. JOHN TOSH 1

POST OFFLCE DRAWER 28510

6220 CULEBRA ROAD

SAN ANTONIO, TX 78284

SYSTEMS CONTROL, INC.

ATTN: MR, R. CARLSON 1
ENVIRONMENTAL ENGINEERING DIVISION
421 FAST CERRITOS AVENUE

ANAHEIM, CA 92805

UNIVERSITY OF WISCONSIN
ATTIN: P,S. MYERS 1
DEPT. OF MECHANICAL ENGINEERING
750 UNIVERSITY AVENUE

MADISON, WI 53706

UNIVERSITY OF SANTA CLARA

ATTN: R.K. PEFLEY 1
DEPT. OF MECHANICAL ENGINEERING
SANTA CLARA, CA 95053

PENN STATE UNIVERSITY

ATTN: S.S. LESTZ 1
MECHANICAL ENGINEERING DEPT. 302
UNIVERSITY PARK, PA 16802







